If carefully planned, urban renewal may play an important role in regenerating a decaying neighborhood and mitigating the negative externality generated by dilapidated buildings in densely populated areas. Despite its potential benefits, in urban areas dominated by high-rise developments, urban renewal has an unintended negative impact on nearby properties since it reduces their redevelopment option values.
Introduction
A neighborhood is a physical and social environment where people interact with each other and share a collective identity. If one maintains his / her property well, his / her neighbors would also benefit. If all residents in the neighborhood maintain their properties well, then everyone in it would benefit. However, this would not be the case if certain residents want to free-ride on the positive externality generated by well-maintained buildings. The consequence, as predicted by the Slumlords' Dilemma, is that a neighborhood would end up deteriorating because no one has an incentive to maintain his / her building for the benefit of others (Davis and Whinston, 1962) . This situation is even worse in densely populated areas dominated by multiple ownership high rise buildings as high transaction cost prohibit negotiation among property owners to research a win-win solution. One solution for clearing a deteriorating neighborhood or slum is to have the government intervene and use its power of eminent domain to initiate urban renewal. However, in reality, urban renewal is not always well-received. For instance, the slum clearance projects in the U.S. during the 1960s -nicknamed the Federal Bulldozer -were viewed with extreme skepticism (e.g. Anderson, 1964) . In Beijing, China, many migrant workers were made homeless when the slums ("urban villages") they lived in were cleared for the Olympics. Since property is immobile and durable, its price can be used as an indirect channel through which a neighborhood's quality is captured and revealed. For example, properties with pleasant views are known to command higher prices (Benson et al., 1998) , which could be as much as 37% of a property's total value (Bourassa et al., 2004) . Well-managed open spaces and parks are other positive neighborhood attributes. Well-managed parks can raise property prices by as much as 20%, while poorly managed ones can depress prices by up to the same amount (Hendon, 1971) . Despite increased levels of noise and air 1 See "China's migrant workers: No place to call home," The Economist, Jun 7 th , 2007. pollution, a property's proximity to major transportation facilities is generally valued positively (Poon, 1978; Chau and Ng, 1998) . Yiu and Wong (2005) found that housing prices were even able to reflect the expectations of a neighborhood's residents of a new tunnel to their area well before its completion. This paper seeks to examine how urban renewal project affects property prices in the neighborhood area (i.e. those outside of the urban renewal boundaries). Unlike the well-established neighborhood attributes examined in the preceding studies, urban renewal is much more controversial in nature and, as we will discuss shortly, could have unintended consequences on the redevelopment option value of nearby buildings. Some studies showed that large scale improvement or redevelopment projects increased the values of properties in the vicinity, especially in low-income neighborhoods (Rosenthal and Helsley, 1994; Immergluck, 2009 ). Other studies, however, did not find any positive price impact from urban renewal projects. Tse (2001) argued that only redeveloped buildings enjoyed better environments and higher economic values, not those in their neighborhood. This was later supported by Lai et al.'s (2007) empirical study, which found no significant price spillover effect from urban renewal projects to neighborhood residential properties. Therefore, the neighborhood effects due to urban renewal remain inconclusive.
To understand the conflicting results, the sources of external effects of urban renewal need to be identified and analyzed separately. First, the demolition of old and deteriorated buildings should reduce their negative externalities, such as health and safety hazards, to the neighborhood. Second, the replacement of older buildings with amenities, such as open public spaces, should produce positive externalities for the neighborhood. Sirpal (1994) , for example, found that shopping malls enhanced the value of surrounding residential properties; the larger the shopping mall, the bigger the price effect. Third, if older buildings were redeveloped into residential buildings, the increase in supply could well depress the prices of nearby housing units. As a result, urban renewal does not necessarily produce positive externalities, which depend on the types of new building or facility to be built. In addition, an urban renewal project needs to be well-planned so that it fits into the surrounding urban landscape.
One last possible neighborhood effect that has rarely been explored is that urban renewal could reduce the redevelopment option value of buildings outside an urban renewal project's boundaries. This arises from the fact that urban renewal boundaries are typically set for long periods of time and typically do not emanate outwards from their original boundaries in densely populated areas. In addition, urban renewal priorities are typically are set for districts rather than individual sites on an ad hoc basis. The presence of an urban renewal project in an area indicates that not just the site being redeveloped but the surrounding areas have also been studied. Therefore, after an urban renewal project in an area has been approved, the chance that the government will initiate another urban renewal project in the same area will be significantly reduced. In the traditional decision-making framework, redevelopment should take place when the replacement value exceeds the sum of the use value of an existing building and the redevelopment costs (Brueckner, 1980; Rosenthal and Helsley, 1994; Munneke, 1996) . The real option theory adds that in addition to the current use value, existing buildings also carry a non-negative real option for the flexibility to redevelop into higher intensity or alternative uses (Clapp et al., 2007) . As a building ages, its use value decreases, while its option value increases (Clapp and Salavei, 2010; Clapp et al., 2012) . For multiple ownership buildings, this option value is also affected by the transaction cost of negotiation amongst owners of the units in the building. Urban renewal can lower this transaction cost. However, if a building is excluded from a nearby urban renewal project, its redevelopment option value will decline as the chance it being included in another urban renewal project will decrease significantly.
We will test if the value of redevelopment options embedded in nearby buildings diminishes as a result of urban renewal.
Cases in Hong Kong will be used to test the various neighborhood effects of urban renewal.
Hong Kong is a good place to study redevelopment value because of its high population density, limited land supply, aging building stock, and popularity of multiple ownership high-rise buildings. Section 2 provides a background of urban renewal in Hong Kong.
Section 3 discusses the theoretical background and develops testable hypotheses on changes in the age coefficient after a public announcement of an urban renewal project's boundaries. Section 4 shows the empirical model and data for testing the hypotheses.
Section 5 presents the results and their implications. Section 6 concludes the study with policy and practical implications.
Urban Renewal in Hong Kong 2
Hong Kong's urban area has grown quickly in response to its changing economic and social demands. While its citizens have enjoyed the benefits of rapid economic growth over the years, problems associated with urban decay and aging buildings have also increased.
There are now about 15,000 multiple ownership apartment buildings aged over 30 years in Hong Kong's urban areas, and this number is expected to increase by 50% to 22,500 in ten years (Urban Renewal Authority, 2008 , 2010. 4 A multi-ownership title means the owner of a flat co-owns the whole multi-story building with other owners as a tenancy in common, while reserving the right to exclusively use his own flat (Nield, 1997) .
Development Corporation (LDC), is the major government agency involved in the urban renewal process in Hong Kong,. According to its homepage, the URA aims to address the problem of urban blight and improve the quality of neighborhoods by providing a cleaner environment and upgrading street designs and community amenities. What makes the URA superior to private developers is its statutory power to commandeer property free of title or holdout problems as long as reasonable compensation is paid to the owners. Some homeowners who lived in poorly-maintained buildings are indeed waiting for the URA to acquire their buildings and compensate them.
Because of its statutory power and public accountability, the URA's projects are generally larger and more comprehensive than those undertaken by private developers. Considering the positive externalities alone (see Introduction), an URA project should more likely benefit a neighborhood than a private one. The URA, however, is required to operate on commercial principles -its projects should not only benefit society, but also be financially sound. This has two effects on its site selection strategy. At the macro level, the URA may have an incentive to renew districts that appreciate at a faster rate than the rest of the city. At the project level, the URA may mark its urban renewal boundaries in such a way so as to ensure that the sites included are financially viable. Buildings outside the boundaries (i.e., those not targeted by the URA) would be accorded lower redevelopment priority and lose the chance to be acquired and compensated in the near future. It is not uncommon to hear complaints from homeowners who were excluded from URA projects. These complaints may well reflect the real option idea we mentioned earlier -urban renewal could have an unintended negative impact on nearby properties because their chances of being redeveloped are lowered. We will formulate hypotheses based on this idea in the next section.
Development of Hypotheses
This study makes use of the redevelopment projects initiated by the URA to study the impact the neighborhood effects on nearby residential properties. Borrowing the idea of Clapp et al. (2007) , we model property value, P, as a sum of two components: P = use value + value of option to redevelop
(1)
To focus on our main idea of neighborhood effects, we put Eq. (1) in its simplest form without the time dimension:
where H is an aggregate index that measures the level of all housing services, including both the structural services and services from the neighborhood, which were obtained from one's residence in a property in a specific location; 5 p is the price per unit of housing services exogenously determined in the economy; f(.) is a non-negative function representing the option value to redevelop; H* is the optimal level of housing services obtainable in the same location; C(.) is a cost function for demolishing H and constructing H*; and κ is the transaction cost in assembling the properties for redevelopment (title assembly cost). H* must be greater than H for any option value to exist.
The first term, pH, is simply the hedonic function of existing characteristics: a higher level of housing services would lead to a higher use value (i.e., ∂(use value)/∂H = p > 0). The second term captures the option to redevelop the existing property into its optimal configuration when the replacement value, pH*, exceeds the value of the existing property, pH, plus the demolition, construction, and title assembly costs, i.e. C(H*,H) + κ. In an economy where land cost is a lot higher than construction cost, p(H*-H) is much more important than C(H*,H) in determining the option value. In particular, ∂(op on value)/∂H* > 0 and ∂(op on value)/∂H < 0. We add the title assembly cost, κ, to the strike price of the option term because unlike single-family houses analyzed by Clapp and Salavei (2010) and Clapp et al. (2012) , the redevelopment of multiple ownership apartment buildings would be impossible without assembling all or a majority 6 of the titles of apartment units in the first place. A higher κ would lower the option value and property price (i.e., ∂P/∂κ < 0).
Then we formulate hypotheses for various neighborhood effects based on Eq. (2). We are particularly interested in comparing the external effects of urban renewal on newer and older buildings because the option value term in Eq. (2) becomes more important when a building ages (Clapp and Salavei, 2010; Clapp et al., 2012 
What would be the external effects on a building if urban renewal takes place in its neighborhood? We hypothesize three effects. The first two effects are independent of the option value term, while the last one is an "unintended consequence" drawn from Eqs.(3) and (4).
First, urban renewal would improve a neighborhood's quality by reducing its negative externalities (e.g. removing unattractive and dilapidated buildings). The improvement in neighborhood quality is reflected in our model by a higher level of housing services, H. We assume that both H new and H old increase by the same amount, as there is no a priori knowledge that newer or older properties should benefit more. As a result, for both newer and older buildings, only the use value term matters. 7 The increase in use value depends on the change in the magnitude of H, which, in turn, varies with the scale of urban renewal. The larger the redevelopment area, the greater the neighborhood improvement.
Hence, the increase in H would be greater. This produces a higher property value (∂P/∂H>0) and leads to our first hypothesis:
H1: Nearby properties benefit more from larger scale urban renewal projects.
If this hypothesis is true, larger redevelopment projects would give rise to a stronger value enhancement effect on surrounding properties.
Second, urban renewal could also bring in positive externalities (e.g. shopping malls and public spaces). Residents in the neighborhood could enjoy more shopping and social interaction opportunities upon the completion of the redevelopment. Similar to the logic in H1, the provision of commercial facilities would give rise to a higher level of housing services, H, and enhance nearby residential property prices (∂P/∂H>0). Therefore, our second hypothesis is:
H2: Nearby residential properties benefit more from urban renewal projects with a larger commercial component.
If this hypothesis is true, redevelopment projects with more commercial areas would have a stronger value enhancement effect on surrounding properties.
Unlike H1 and H2, the final implication is the most interesting and perhaps counterintuitive, as urban renewal could adversely affect the option value of nearby buildings through two channels. First, these buildings lose the opportunity to enjoy synergy from being redeveloped jointly with the area targeted for urban renewal. Synergy arises from economies of scale when sites are combined to increase their development potential (e.g.
higher maximum development density). Larger sites can also accommodate more common facilities and allow more flexible design, uses or configurations. For buildings excluded from an urban renewal project, even if they were redeveloped in the future, their optimal service level, H*, would not be as high as when synergetic opportunities were available and their option value to redevelop would thus be reduced.
The second and more important channel through which nearby buildings lose value is that urban renewal projects raises the expected title assembly cost of nearby buildings.
Consider a situation in which title assembly is very costly (e.g. acquiring multiple-ownership titles in apartment buildings), which means that κ is high. As mentioned in Section 2, a powerful government agent like the URA is usually welcomed by homeowners because its power of eminent domain can help lower κ and, hence, unlock the option value of the properties included in its urban renewal projects. Let κ U and κ P be the title assembly costs of the URA and private developers, respectively. Since the former has eminent domain power, κ U is smaller than κ P . Given that the probability of a building to be redeveloped by the URA is w U , the expected land assembly cost can be stated as:
Limited by its objective of self-financing, the URA has its own internal principles for determining, for each district, which buildings should be targeted or prioritized for urban renewal. Buildings not targeted have a lower w U ; they would not be redeveloped by the URA until higher priority projects in other districts are completed. The public does not know the URA's future targets, but whenever the URA announces its projects, the public would know that nearby buildings excluded from the plans are unlikely to be redeveloped in the near future. These buildings' w U will decline substantially, raising their expected title assembly costs towards κ P , according to Eq. (5).
Comparing Eq. (3) with Eq. (4), the option value term is present in the older building only.
Being excluded from a nearby urban renewal project implies a reduction in its redevelopment option value (either because of a reduction in H* or an increase in κ. This leads to our third hypothesis:
H3: Urban renewal reduces the redevelopment option value of nearby properties.
If this hypothesis is true, urban renewal projects will depress the value of nearby older properties more than those of newer ones. Moreover, the negative impact due to loss in synergistic opportunities and a rise in title-assembly costs is more significant for buildings closer to an urban renewal project. Therefore, if H3 is correct, the negative impact on redevelopment options should be stronger for buildings that are situated closer to an urban renewal project.
Research Design

Sample
To measure the neighborhood effects stemming from urban renewal, it is necessary to collect records of property transactions in the immediate vicinity of the areas targeted for urban renewal. In this study, we chose the residential properties located within 200 meters (i.e., about 650 ft) of an urban renewal area. One reason for our confinement to such a small area is to capture the most direct effects brought about by urban renewal. A Pittsburgh case study suggests that "property will suffer significant external effects only from those features within one hundred and fifty feet of its boundaries" (Rueter, 1973, p.321) . Another reason is that we want to better control for the locational factors that could affect the prices of a property. Limiting the sample to a small area would help us avoid the problem of omitted variable bias.
Since Hong Kong has a highly liquid housing market (Chau et al. 2005) , we were able to collect a sample of more than 40,000 condo sales records in the vicinity of the urban renewal projects performed by the URA in ten districts from 1991 to 2011. We have discarded pre-sales transactions since their prices do not reflect spot market clearing prices.
We obtain the transaction data from EPRC 8 , which provides not only the transaction prices of condo units registered at the Land Registry, but also key condo characteristics such as flat size, floor level, and building age.
To ascertain the timing of any urban renewal effect, we need to identify when an urban renewal project was announced. The first date of conducting the freezing survey is taken as the announcement date of an urban renewal project.
9
The public, including affected owners, do not know about an urban renewal project before the URA conducted its freezing survey.
10
Most of the announcement dates of the urban renewal projects aree collected from the URA's press releases, while the rest are found from local newspaper archives.
Other details about the urban renewal projects are obtained from the Legislative Council
Panel Papers (e.g. Legislative Council, 2009 ). In these papers, the URA report its work progress and plans for the coming year to the Legislative Council. The project highlights include the size of each urban renewal site and the type and scale of the proposed new development, which are essential information for testing Hypotheses 1 and 2.
The empirical Model
8 EPRC is third party value added data provider that supplies electronic property information in Hong Kong including real estate transactions registered with the Land Registry of the Hong Kong SAR Government.
9 Freezing surveys are a snapshot of the ownership, tenancy, and other legal rights surrounding the property to be redeveloped. They are conducted when an urban renewal project is first published in the Government Gazette. 10 Hong Kong has a good reputation for its anti-corruption measures, so cases of leaking urban renewal targets are rare. To test the three hypotheses developed in Section 3, we estimate the following hedonic model using the ordinary least squares technique:
ln ( Since not all transaction records have information on both IFA and CFA, the sample size for estimating Eq. (6b) is reduced to 29,340 transactions.
The terms with T are the focal points of this study. T is a time dummy that indicates if a property was transacted before or after the announcement of an urban renewal project.
Its coefficient, β 1 , reflects the effects of any changes that affect nearby housing prices after an urban renewal project is made known to the public, which is not captured by the district-level price indices (for deflating RP) and location dummies (λ k ). The changes mainly include externalities from urban renewal and may include some effects of the non-random selection of an urban renewal location. The latter comes from the notion that the URA bases its choice of urban renewal locations not only on societal needs, but also on financial considerations (see Section 2).
Other βs are the parameters for testing the three hypotheses. Table 1 .
[ Table 1 about here]
Empirical Results
The summary statistics of our sample are shown in Table 2 . Over the whole sample period, the average real (year 2000) price of a condo unit was HK$1.724 million (equivalent to US$221,000). The mean price increased by 4% (from HK$1.691 to HK$1.757 million) after an announcement of an urban renewal project. An "average" transacted condo unit has the following characteristics: 13 years old, 520 ft 2 large (407 ft 2 internal space and 136 sf 2 communal space), 13 floors above the ground level, and 416 ft away from the concerned urban renewal project. This specification is quite standard for a two-to-four-person family in Hong Kong. Except for building age, the average characteristics are quite similar before and after an announcement.
[ Table 2 about here]
The estimated results of the hedonic equations in Eqs.(6a) and (6b) are presented in Table   3 . Both have an adjusted R-squared of 83%, which is similar to the R-squared reported in other hedonic studies of condo units. Indeed, both sets of results are highly similar, so how condo unit size is measured does not matter in this study. The results of both equations will be discussed together unless otherwise specified.
[ Table 3 about here]
All estimated coefficients of the structural attributes are statistically significant at the 1% level. These coefficients represent the implicit prices of these attributes before any urban renewal effects (i.e., T=0). As expected, real property prices decrease with building age, but increase with the condo unit's size and floor level. A 10% increase in building age reduces property prices by 0.7%, which roughly corresponds to a 0.54% annual depreciation for a building of average age in our sample. A 10% increase in flat size raises property prices by 11%; an extra square foot for an average-sized unit cost about HK$4,500. In Eq.
(6b), when the gross floor area is broken down into internal and communal areas, we found that the implicit price of internal area (elasticity = 0.969) is almost ten times that of communal area (elasticity = 0.110). A higher value is therefore attached to exclusively-owned space. As for floor level, a 10% increase raises property prices by about 0.8%. This is consistent with the magnitude found in other hedonic studies on Hong Kong (e.g. Wong et al. 2011) .
Next, we turn to the coefficients concerning the urban renewal effects (i.e., T=1). Consider an average property in our sample. An announcement of an urban renewal project increases neighborhood property prices by an average of 4.0% (Eq.6a) and 3.4% (Eq.6b).
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The coefficients of the two interaction variables, T*SITE_SIZE and T*COM_SIZE, are positive and significant at the 1% level. 13 For a 10,000 ft 2 increase in the site area of an urban renewal project, neighborhood property prices increases by 0.6%. On the other hand, for a 10,000 ft 2 increase in the commercial area of an urban renewal project, neighborhood property prices increase by 0.9% (Eq.6a) and 1.3% (Eq.6b). The results show that the property values capitalize both the reduction in negative externalities and the addition of positive externalities arising from nearby urban renewal projects, with the latter being more valuable in our sample. These results are consistent with the predictions of H1 and H2.
Finally, we assess whether urban renewal has a negative impact on redevelopment option value of nearby properties. The coefficients of the last two interaction variables, T*ln(AGE) and T*ln(AGE)*DIST, are negative and positive, respectively. They are both significant at the 1% level.
14 This suggested that the older housing units depreciate faster after the announcement of an urban renewal project. For a 10% increase in building age, property prices depreciate by 1.2%, which is larger than the 0.7% depreciation before the announcement of an urban renewal project. 15 Moreover, older buildings closer to the site of an urban renewal project show greater price depreciation. With respect to a property with an average building age, a 100-ft decrease in distance from an urban renewal project lower its property price by 1.3% (Eq.6a) and 0.6% (Eq.6b). These results, therefore, confirm the empirical implications of H3: urban renewal project has stronger negative impact on the values of older units than those of newer nearby buildings and that such impact diminishes as distant from the urban renewal project increases.
Conclusion
A well-planned urban renewal project in a densely populated areas dominated by high-rise developments may have a positive external effect on its neighborhood area, as it helps to reduce the negative externalities posed by dilapidated buildings. Besides, urban renewal may create a better environment and introduce new amenities into a community. These positive externalities would be reflected in higher property values in the neighborhood of the urban renewal project.
However, after breaking down the property values into their current uses and redevelopment option components, we found that urban renewal projects actually generates two opposite effects on nearby properties values. On the one hand, the impact on the current use value is positive and that the impact is stronger for larger urban renewal projects and for projects with more commercial facilities. On the other hand, the impact 14 We used the White heteroskedasticity-consistent standard errors. Their coefficients are still significant at the 1% and 10% levels when clustered robust standard errors are used.
on the redevelopment option value is negative since the nearby buildings are, by definition, excluded from the urban renewal project. We hypothesize that the negative impact mainly arises from the high transaction costs of redeveloping a multiple-ownership of high-rise buildings, which can be most easily overcome by government led initiatives such as urban renewal. In addition, the nearby buildings, even if redeveloped by private developers in the future, would not be able to enjoy the scale effect of being redeveloped together with the nearby urban renewal project. This negative externality of urban renewal has rarely been considered in any economic impact analysis of urban renewal projects; therefore any positive externality brought about by urban renewal might have been overestimated. Our study also provides an economic explanation for why owners of older units may be disappointed when a nearby urban renewal project is announced. Tables   Table 1 Summary The dependent variable is ln(real sales price); * means the coefficient is significant at the 1% level; coefficients of the location dummies are not shown here; both equations are estimated by OLS and the t-stat is based on White heteroskedasticity-consistent standard errors.
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